This paper examines the extent of risk sharing for a group of 50 industrial and developing countries. The analysis is based on a model of partial consumption insurance whose parameters have the natural interpretation of coefficients of partial risk sharing even when the null hypothesis of perfect risk sharing is rejected. Results show that rich countries exhibit higher degrees of risk sharing than developing countries, and that the gap has widened over time. Other things equal, the degree of risk sharing is higher in smaller, more financially-open economies and in those possessing flexible exchange rate regimes.
Introduction
A considerable analytical and empirical literature has been concerned with the extent of consumption risk sharing across countries. The relatively high sensitivity of aggregate consumption to domestic income shocks -equivalently, the low degree of comovement of aggregate consumption across countries -is one of the major puzzles in international macroeconomics (Obstfeld and Rogoff, 2001) . In recent years, it has attracted renewed interest due to the growing degree of financial integration of economies across the world.
The argument is straightforward: if financial markets are complete -in the sense that available assets span all idiosyncratic risks -the ratio of the marginal utilities of consumption of any pair of agents (or countries, in this paper's representative-agent framework) must be constant across dates and states of nature. That is, the economy features perfect consumption risk sharing. 1 In turn, if risk sharing is imperfect and markets are incomplete, financial innovation that expands the set of tradeable assets (or reduces the costs of trading existing assets) should allow enhanced risk diversification, although it might also raise the overall exposure to risk. 2 To the extent that the global increase in cross-border asset holdings over the last quarter century (Lane and Milesi-Ferretti, 2007) reflects such kind of innovation, it should be associated with a rise in risk sharing across countries.
A number of papers have performed empirical tests of the null hypothesis of perfect consumption risk sharing. This is often done indirectly, through least squares regressions testing whether idiosyncratic income shocks have a significant effect on individual consumption after controlling for the average consumption of all agents. Obstfeld (1994) , Canova and Ravn (1996), and Lewis (1996) are some leading examples of this literature applied to cross-country aggregate data. 1 Market completeness represents a sufficient, but not necessary, condition for perfect risk sharing. The same outcome might be achieved by, say, agreement between governments to a suitable system of transfers. 2 The reason is that financial integration may also open the door to the propagation of financial turbulence from abroad. Devereux and Yu (2016) find that financial integration reduces the severity of crises as a result of better diversification, but makes them more frequent due to increased opportunities for contagion. As a consequence, the overall degree of risk may rise or fall relative to a situation of financial autarky.
These conventional tests can be informative about whether perfect risk sharing holds empirically. But if the null hypothesis is rejected -as is almost invariably the case -in general they cannot say much about the extent of imperfect risk sharing present in the data.
Put differently, in most cases one cannot draw inferences about the degree of risk sharing just from the magnitude of consumption correlations or estimated regression coefficients.
To do this in a rigorous and meaningful way, one needs a model describing more precisely how the risk-sharing arrangement is implemented.
One leading example is the model of partial risk sharing developed by Crucini (1999) .
It assumes that, prior to any income realization, agents contribute a common fraction of their incomes to an income pool in exchange for the right to the same common fraction of the pooled income after shocks are realized. Thus, the fraction of their income that agents contribute to the pool has the natural interpretation of a coefficient of partial risk sharing. After income shocks are realized and transfers made according to the risk-sharing agreement, agents act as permanent-income consumers borrowing and lending at a fixed interest rate. This framework has been used by Crucini (1999) , Crucini and Hess (2000) , Asdrubali and Kim (2008) , and Artis and Hoffmann (2008) to obtain estimates of the extent of partial risk sharing. This setting, however, suffers from a major limitation, in that all participants in the risk-sharing arrangement are assumed to contribute the same fraction of their income to the common pool. This makes the framework unsuitable for a situation in which different agents may engage in different extents of risk sharing. This paper adds to the literature by developing an expanded version of the model in Crucini (1999) with two key features. First, each agent/country may contribute a different fraction of their income to the income pool. Second, after income shocks are realized, the transfer that each agent receives is proportional to the magnitude of her contribution to the income pool. This framework is implemented empirically to examine the extent to which different countries diversify their idiosyncratic risks, and to relate their respective degree of risk sharing to selected structural and policy characteristics. While the two basic features of the expanded model may seem intuitive, they have some important consequences. On the one hand, they complicate the solution of the model and its empirical implementation. Specifically, Crucini's model leads to an estimating equation in which the growth rate of an agent's consumption depends linearly on the innovation to that agent's permanent income and on the growth rate of average consumption across agents. Moreover, the parameters multiplying these variables are linear functions of the common contribution to the income pool, which makes the model suitable for OLS estimation. In contrast, the empirical implementation of the model with heterogeneous contributions to the pool requires estimating a system of equations in which the path of consumption of each agent depends on the expected evolution of the future income of all agents. Moreover, the coefficients multiplying these variables depend in nonlinear fashion on the contributions to the income pool of all agents participating in the risk-sharing agreement.
On the other hand, an additional advantage of the expanded model is that it solves a problem that plagues conventional risk-sharing regressions which include average consumption among the explanatory variables. As noted by Deaton (1990) , pooling the observations on consumption of all agents in a linear regression that includes the crosssectional average of the dependent variable among the regressors leads, mechanically, to a regression coefficient of unity on that variable. Crucini (1999) dealt with this problem by estimating different coefficients of partial risk sharing for each agent (regions or countries in his analysis), even though the model is built on the assumption of a common coefficient for everyone. To obtain a single estimate, as implied by the model, Crucini then takes the average of the estimated risk-sharing coefficients of all agents. In contrast, our model does not suffer from this problem because our estimating equation is stated only in terms of the (quasi-)innovations to the present value of income growth of all agents. Unlike conventional risk-sharing regressions, it does not include the cross-sectional average of the dependent variable among the regressors. 3 Our framework also improves upon those employed by earlier literature regarding the decision problem that agents solve after the cross-country transfers are made. While the traditional literature assumes that agents act as permanent-income consumers with quadratic preferences, we assume that agents maximize a utility function of the constant relative risk aversion form allowing for country-specific coefficients of risk aversion, discount rates, and interest rates. This generalization of the problem allows us to weaken some of the implicit assumptions used by the earlier literature. Namely, that all agents have identical preferences and face the same constant gross interest rate which, in turn, equals the reciprocal of their (common) discount factor. Borrowing from Hansen and Singleton (1983) , Campbell and Mankiw (1989), and Campbell (1993) , we derive a log-linear estimating equation by using a first order Taylor approximation of the intertemporal budget constraint of the representative household. We estimate the model using a time-series cross-section dataset comprising 50 industrialized and developing countries over the period 1970-2010. We find an average coefficient of partial risk sharing of around 0.5. In terms of the model, this means that the average country contributes half its income to the income pool. The estimates, however, vary systematically between industrial and developing countries, with the former exhibiting, on average, higher degrees of risk sharing than the latter (centered around 0.59 and 0.43, respectively). Re-estimating the model over rolling time samples, we find evidence that the degree of risk sharing has been on the rise for the average country during most of the sample period. When we split the sample between industrial and developing countries, however, we find a widening gap between industrial and developing countries: while the degree of risk sharing increased over time for industrial countries, average risk sharing for developing countries remained flat or even declined somewhat during the globalization period (although there is an uptick at the end of the sample). This result is consistent with the view that the benefits from financial globalization do not accrue evenly to all countries, and may prove elusive for many developing economies. 4
In the paper's framework, these partial risk-sharing coefficient estimates can be interpreted as measuring agents' chosen contributions to the global income pool. The model, however, is silent on the factors behind those choices. To gain further insight, we assume that they reflect cross-country variation in policies, institutions, and other characteristics that help or hinder consumption risk sharing. Specifically, we re-estimate the model expressing the partial risk-sharing coefficients as a function of selected indicators of countries' structural and policy characteristics. These include financial and trade openness, which are commonly viewed as reflecting the mechanisms through which risk sharing may be actually implemented, as well as a measure of the degree of flexibility of the exchange rate, which plays a central role in the mitigation of shocks. We also include a measure of country size as determinant of the coefficient of risk sharing, because larger countries should expect smaller benefits from participating in the risk pooling agreement. In particular, for a given contribution to the income pool, the larger is the country the more correlated will be its output with the pooled income.
While this adds further complication to an already-challenging nonlinear estimation problem, it yields fairly robust empirical results. The main conclusion is that international financial integration is a significant factor behind the observed cross-country patterns of consumption risk sharing. The degree of financial integration, as summarized by a measure of de jure capital account openness, and/or by a de facto measure of total foreign asset and liability positions, is positively correlated with the coefficient of partial risk sharing, consistent with the view that financial integration improves international risk sharing. After controlling for financial integration, however, trade openness appears to affect negatively risk sharing. While we do not pursue this idea further, one potential 4 On the costs and benefits of financial globalization, see Kose et al. (2009). explanation is that the impact of global terms of trade shocks on income volatility is amplified in more open economies, which -for a given degree of financial integrationweakens consumption risk sharing. In addition, the degree of flexibility of the exchange rate regime also matters: floating regimes are associated with increased risk sharing, while fixed and intermediate regimes are not, which suggests that floating regimes help shelter consumption from random shocks -possibly through the ability of independent monetary policy to stabilize output and thereby consumption. Finally, the size of the economy, as measured by total population, is robustly negatively associated with the degree of risk sharing, consistent with the observation that larger countries are likely to reap smaller benefits from participating in the risk-sharing agreement.
Our paper is related to a substantial empirical literature assessing international consumption risk sharing. Sørensen et al. (2007) relate trends in risk sharing among OECD countries to their foreign assets and liabilities. They find that the degree of consumption risk sharing appears to be positively related to foreign asset holdings, while the relation with foreign liabilities is not robust. Kose, Prasad and Terrones (2009) argue that risk sharing has risen among industrial countries (but not among developing countries), and the rise is correlated with the increase in gross foreign assets and liabilities over the globalization period. Holinski, Kool and Muysken (2012) also examine how international consumption risk sharing relates to various features of countries' equity portfolios. These papers base their conclusions on conventional risk-sharing regressions, and thus they are subject to the criticism that, strictly speaking, such regressions do not provide a solid basis for inferences about the extent of partial risk sharing. Fratzscher and Imbs (2009) develop a model with transaction costs and discuss their effects on conventional tests of risk sharing. They find that larger holdings of foreign capital (especially in the form of equity or bonds) are associated with higher consumption risk sharing. In contrast, larger holdings of FDI or bank loans are not. Flood, Marion and Matsumoto (2012) use the variance of a country's share of world consumption as a measure of consumption risk sharing. Perfect consumption risk sharing occurs when this share is constant. Using rolling windows, they argue that consumption risk sharing rose during the recent era of financial globalization, particularly when the focus is on low-frequency movements in consumption. 5
The paper closest to ours is Ho and Ho (2015) which, in independent work, developed a model with heterogeneous contributions to the income pool. There are, however, major differences between their framework and conclusions and ours. First, we are interested in comparing the differential risk sharing in the group of industrial countries relative to that in developing countries. Ho and Ho focus only on rich countries. Second, Ho and Ho use a risk-sharing rule that implies that the size of the countries participating in the agreement is irrelevant. Instead, our risk-sharing rule implies that, everything else equal, larger countries receive more from the pool because they contribute more to begin with. And third, while Ho and Ho estimate the model imposing that output growth is iid across countries and over time, we allow for more flexible income processes with temporal dependence within countries as well as cross-sectional dependence through common factors that may affect income growth of all countries simultaneously. This specification for the income process is supported by the data, and it matters for the paper's results. We discuss other differences in the body of the paper.
The rest of the paper is organized as follows. Section 2 develops the model of partial risk sharing. Section 3 describes the data and the details of the empirical implementation of the model. Section 4 discusses the main empirical results of the paper and section 5 concludes. The appendix contains some proofs and additional tables. 5 Bai and Zhang (2012) develop a model with incomplete financial markets and enforceability constraints and show that removing capital controls leads to the emergence of default risk that limits risk sharing. Finally, Bengui, Mendoza and Quadrini (2013) analyze whether the international globalization of financial markets is associated with more risk sharing using a calibrated two-country model with different frictions.
A model of partial risk sharing
In this section, we develop a model of partial risk sharing that generalizes the model in Crucini (1999) . 6 Time is discrete and there are N different countries. Country i = 1, 2, ..., N is composed of H i identical consumers each of whom owns a tree which yields Y i,t fruits at time t. Thus, aggregate income in country i is H i Y i,t .
Consumers enter into a partial risk-sharing agreement at the beginning of time 0, before income is realized. The agreement requires that all agents contribute a fraction of their income, possibly different across countries, into an income pool in exchange for a claim to a fraction of the aggregate pooled income. If consumers of country i contribute a fraction λ i of their income to the pool, the contribution of country i to the fund at time t is λ i H i Y i,t and the aggregate pooled income equals N j=1 λ j H j Y j,t . 7
The agreement specifies that consumers in country i get back a fraction
of the income pool, where ω i is a measure of the worldwide income share of country i. 8 Given the fractions λ j , equation (1) implies that wealthier countries get back a higher fraction of the income pool. 9 Therefore, the aggregate income of country i after the 6 Most of the algebra required to derive the results in this section is contained in Hansen and Singleton (1983) , Campbell and Mankiw (1989), and Campbell (1993) . See Hevia and Servén (2018) for details. 7 In this model, a perfect risk-sharing agreement would be a situation in which λ i = 1 for all i = 1, 2, ..., N. Hence the values of the λ i parameters reflect, in a reduced form, all the underlying factors that help or hinder risk sharing. Modeling how those values are chosen is beyond the scope of the paper. In section 4.4, however, we try to relate the λ i coefficients to observed variables commonly viewed as reflecting mechanisms through which risk sharing may be actually implemented in practice. 8 Below we consider different definitions of ω i in terms of the average income share over a pre-sample or in-sample period of varying length. All choices yield virtually identical results. 9 Ho and Ho (2015) use the sharing rule θ i = λ i / N j=1 λ j , which implicitly assumes that aggregate income is the same across countries. It seems natural to assume that, to contribute a given fraction of their income to the pool, wealthier agents will demand a higher fraction of the pooled income than poorer agents. Unless we use a sharing rule like (1), poorer countries will tend to receive net transfers from wealthier countries for reasons that have nothing to do with the uncertainty of their income process.
risk-sharing agreement is
In per capita terms, each consumer of country i receives
Suppose now that, on top of the risk-sharing agreement, consumers in country i can invest their wealth in an asset with a gross real return R i,t+1 . Following Campbell and Mankiw (1989) , we assume that the income flows after the risk-sharing agreement are capitalized into tradable wealth W i,t . Thus, the flow budget constraint is
The preferences of consumers in country i are represented by the utility function
where γ i is the reciprocal of the coefficient of relative risk aversion, δ i is the subjective discount rate, and E t is the expectation operator conditional on information at time t.
The Euler equation associated with the problem of maximizing (4) subject to (3) is
Then the Euler equation can be rewritten as
Following Hansen and Singleton (1983) , if consumption and returns are conditionally homoskedastic and log-normal, it follows that ∆c i,t+1 − γ i (r i,t+1 − δ i ) is normally distributed with a constant variance and a (time-varying) conditional mean E t ∆c i,t+1 − γ i (E t r i,t+1 − δ i ).
Hence, the Euler equation becomes
The same equation can be derived as a second-order Taylor approximation if returns and consumption growth are jointly conditionally homoskedastic (Campbell, 1993) . 10
With these results, we can rewrite the Euler equation as
where (1993), a log-linear approximation to the flow budget constraint (3) around the average consumption-wealth ratioC i /W i yields
we obtain a first order difference equation for (c i,t − w i,t ). Solving this difference equation 10 Commault (2017) argues that traditional approximation methods either ignore the precautionary savings motive in the Euler equation, represented by the term Var t (∆c i,t+1 − γ i r i,t+1 ), or assume that it is time invariant. This omission, in turn, could lead to a downward bias in the estimate of the response of consumption growth to transitory income shocks. As noted by Campbell (1993), however, the conditional log-normality of consumption and the constant conditional variance are an implication of the assumption that returns and news of future returns are jointly conditionally log-normal once we log-linearize the household's budget constraint (see Hevia and Servén, 2018) . We do not view the assumption of homoskedasticity (over time) as too restrictive in a context of annual time series with a relatively short sample . Our estimation approach, however, allows for heteroskedasticy in the cross-section of countries. forward, ruling out explosive solutions, and taking time-t conditional expectations gives
Substituting the Euler equation (5) into the previous equation one obtains
To obtain the consumption function, we follow Campbell and Mankiw (1989) and rewrite log-wealth w i,t as a function of current and future incomes after risk sharing (details are provided in Hevia and Servén (2018)). Once we do that, we obtain
The consumption function (7) imposes a cointegration relation between log-consumption and log-income after risk sharing. Although we could use this expression to estimate the model, in practice saving rates display considerable persistence, and appear close to being nonstationary. 11 Since our model is not designed to account for persistent movements in saving rates, we follow earlier literature and estimate the model in differences. 12
Differentiating expression (7) between times t and t − 1 gives
where, for any variable z t+s , the expression
represents the quasi-innovation in z t+s as of time t. 13 11 Unit root tests reported by Byrne, Fazio and Fiess (2009) and Coakley, Hasan and Smith (1999) fail to reject nonstationarity of the saving rate for the majority of the countries in their respective samples.
12 Estimation in differences is commonly used in the permanent-income literature and in models of partial consumption insurance. See Campbell and Mankiw (1990), Artis and Hoffmann (2008) , Asdrubali and Kim (2008) , and Ho and Ho (2015), among others. 13 The innovation (E t − E t−1 )z t+s is the new information obtained about variable z t+s between times t
In equation (8), consumption growth is expressed as a function current and future income growth after risk sharing and returns. A log-linear approximation to equation (2) around
implies the following relation between income growth after and before risk sharing (Hevia and Servén, 2018),
If λ i = 0 (i.e., country i does not contribute at all to the income pool) income growth after risk sharing trivially equals income growth before risk sharing. In contrast, if λ i = 1 (country i contributes all its income to the pool) income growth after risk sharing equals a weighted average of the income growth before risk sharing across countries, where the weights are given by the relative contribution of each country to the income pool.
Replacing equation (9) into (8) delivers an expression relating consumption growth in country i with the quasi-innovation to the discounted value of income growth of all countries and the quasi-innovation to the discounted value of returns,
Unfortunately, we do not have data on returns for the 50 countries and for the period that we consider. We thus assume that the current interest rate and quasi-innovations to the present value of returns are orthogonal to the quasi-innovation to the present values of income growth. Although restrictive, this assumption is much weaker than that used in most of the literature on the permanent income model and the literature on partial risk
sharing that followed the seminal paper by Crucini (1999) . That literature simply assumes and t − 1. We label (E t − ρ i E t−1 )z t+s the "quasi-innovation" in z t+s because the constant ρ i is typically close to but smaller than 1.
that interest rates are constant and equal across countries. 14 In contrast, our approach allows for interest rates that are random and different across countries, although we need the orthogonality assumption mentioned above to rule out problems of endogeneity.
To estimate the model we also assume that ρ i is constant across countries. To calibrate ρ, rewrite the budget constraint (3) as
In a balanced growth path,
Using g = 0.023, which is the average pooled growth rate of consumption per capita in our sample period, and an average gross return of R = 1.05, gives ρ ≈ 0.97. Our results, however, are robust to reasonable variations in the calibrated value of ρ.
It is convenient to rewrite equation (10) compactly as
where j,t = (E t − ρE t−1 ) ∞ s=0 ρ s ∆y j,t+s is the quasi-innovation to the present value of coun-
Our objective is to estimate the degree of risk sharing λ i for each country i = 1, 2, ..., N.
This requires estimating the quasi-innovations to the present value of country j's income growth j,t . Letˆ j,t denote the estimated quasi-innovation and rewrite (11) as
where the residual u i,t is the sum of v i,t and the rational expectation's error that represents the superior information of agents relative to the econometrician,
Under our assumptions, u i,t is orthogonal to the econometrician's information set at time t − 1. 15 This information set, however, may omit some relevant information used by the agents to forecast their future incomes. The omitted information can lead to serially correlated residuals for a given agent as well as contemporaneously correlated residuals across agents. The former could be due to a persistent variable that is used by the consumer, but unobserved by the econometrician, to perform revisions to her present value of output growth. The latter could be due to an aggregate shock observed by all agents, but unobserved by the econometrician, that affects everyone's output growth.
To sum up, the key differences between our framework and that in Crucini (1999) can be summarized as follows. In both cases, the starting point is the assumption that agents contribute a fraction of their income to an income pool and have access to an asset to smooth consumption over time after transfers are realized. In Crucini (1999), however, all agents are assumed to contribute the same fraction of their income to the pool, which forces their respective partial risk-sharing coefficients λ i to be all equal and allows a drastic 15 We follow the usual procedure in the rational expectations econometric literature and assume that, when performing revisions to their anticipated output paths, agents have more information than the econometrician. The proof that u i,t is orthogonal to the econometrician's information set at t − 1 uses the law of iterated expectations as in Hansen and Sargent (1980) . In addition, any classical measurement error in consumption can also be included in the error term u i,t . simplification of the model. 16 However, instead of estimating a single λ for all agents, Crucini estimates λ i separately for each agent through OLS regressions, and then computes a single coefficient λ by averaging the individual coefficients. While this procedure might be justified in Crucini's empirical application, whose focus is on relatively homogeneous groups of regions or countries -U.S. states, Canadian provinces, and G-7 countries -it is clearly less defensible in our case because we will work with a large country sample comprising both advanced and developing countries, and hence exhibiting a greater degree of heterogeneity. Indeed, one of our objectives is precisely to assess the extent to which the coefficients of partial risk sharing vary across countries. This requires a more general framework such as (12), in which different countries may exhibit different coefficients of partial risk sharing. A second difference between our frameworks is that, by using more general preferences, we are able to weaken several assumptions used by earlier literature that relied on permanent income consumers with quadratic preferences. Namely, that all agents have identical preferences and face the same constant interest rate which, in turn, equals their (common) subjective discount rate.
The added generality of our risk-sharing agreement relative to the conventional model poses additional econometric challenges too. For each country, equation (12) involves a nonlinear function of the risk-sharing coefficients of all countries. Thus, estimating the model requires more complex econometric techniques than those found in earlier literature. This is the topic of the next section.
Empirical implementation
The core of our empirical analysis is the estimation of (12) using a cross-country time-series dataset. However, the equation involves the quasi-innovations to the present value of income growth, which are not observed. We proceed on two stages. First, we construct the innovations based on an estimated time-series model of income growth. In the second stage, we use these innovations to estimate (12). 17 In this section we first discuss the econometric issues surrounding the estimation of the parameters of the risk-sharing model, and then we turn to those related to the construction of the quasi-innovations required for such task. Finally, we briefly summarize our data sources.
Implementing the risk-sharing model
Estimation of (12) in a cross-country setting poses a challenging problem because each country's consumption path depends in nonlinear fashion on the risk-sharing coefficients of all countries. To make this explicit in what follows, it is useful to rewrite (12) as
where u i,t is potentially heteroskedastic and correlated across countries and over time.
To express the model in more compact form, we introduce the following notation. Let ∆c i = (∆c i,1 , ..., ∆c i,T ) and i = ( i,1 , ..., i,T ) denote the (column) vectors of consumption growth and quasi-innovations to the present discounted value of income growth of country i, where T denotes the number of time series observations per country; and define the T × N matrix Z = ( 1 , ..., N ). In addition, let λ = (λ 1 , ..., λ N ) denote the vector of risksharing coefficients, and define the N × N diagonal matrix Ω which has along its main diagonal the average income shares ω j , with all off-diagonal elements equal to zero. After some manipulations, the T observations of (13) corresponding to the i-th country can be compactly written
where ι denotes column vector of ones and e i is an N × 1 vector of zeros with a 1 in the i-th entry. Finally, stacking the observations on consumption growth for all countries into the NT × ×1 vector ∆c = (∆c 1 , ..., ∆c N ) and letting µ = (µ 1 , ..., µ N ) , the full system of equations can be written
where ⊗ denotes the Kronecker product, and diag(λ) is an N × N matrix with its main diagonal equal to λ and zeros elsewhere.
Thus, the empirical model amounts to a system of N equations with cross-equation parameter restrictions. The restrictions imply that a system estimation procedure is needed, even though the explanatory variables (the quasi-innovations to the present value of income growth in all N countries, contained in the matrix Z) are the same in all equations. In this context, we use system NLS to estimate the parameters of (15). We first partial out µ by expressing ∆c and Z as deviations from their country-specific means; let ∆c andZ denote the transformed variables. Then we compute the NLS estimator that solves the problem
where φ(Z, Ω, λ) = (I N ⊗Z) λ ⊗ Ωλ(ι N Ωλ) −1 + vec (I N − diag(λ)) . Since the residuals may exhibit heteroskedasticity, serial correlation, cross-sectional dependence, or any combination of all three, to perform inference on λ we use the robust covariance matrix estimator proposed by Driscoll and Kraay (1998) and Vogelsang (2012). 18 This procedure yields a set of unrestricted estimates of the risk-sharing coefficients λ.
However, we are also interested in learning about the covariates of risk sharing. To do this, we restrict the risk-sharing coefficients to be a function λ = m(Xδ), where X is an N × K λ matrix whose i-th row contains the (time-invariant) covariates of risk sharing for country i (including a constant). Replacing λ in (15), estimation proceeds along the same lines as above, with the parameter vector now given by δ. That is, we solve
Income prediction
Empirical implementation of the risk-sharing model requires suitable forecasts of the future income growth. To construct them, we estimate a simple time-series model of per capita GDP growth. In order to allow for correlated shocks affecting growth in multiple countries, we use a factor approach. Specifically, we assume that per capita GDP growth can be expressed as a dynamic factor model:
for i = 1, ..., N and t = 1, ..., T . Here, f t is a q × 1 vector of (unobserved) common factors and we assume that all parameters can vary freely across i. Stacking for given t, we have
for t = 1, ..., T , where L represents the lag operator, A(L) is block-diagonal, and the covariance matrix of v t is assumed diagonal. This specification nests three cases of interest.
First, if A(L) = 0 and β(L) = 0, for each i per capita GDP growth is iid (as in Ho and Ho (2015)); equivalently, per capita income is a random walk with drift. Second, if β(L) = 0 but A(L) = 0, growth follows an independent AR process in each country (Crucini, 1999) .
Lastly, if A(L) = 0 and β(L) = 0 we have a factor model, dynamic if s > 0.
To make this setting operational, assume that the unobserved factors follow the AR(h)
, the model can be rewritten (ignoring α 0 for simplicity) as a static factor model:
or, equivalently, as a factor-augmented VAR with coefficient restrictions
For the general case A(L) = 0 and B = 0, estimation proceeds in two steps (see Stock and Watson, 2005; Song, 2013) . We first estimate A(L), B, and F t doing OLS iteratively on (19) . Specifically, we start with an initial guess for F t and update it with the first r principal components of ∆y t −Â(L)∆y t−1 −BF t . We use the information criteria of Bai and Ng (2002) to determine the number of static factors r (with r = q(s + 1) ). To perform inference on A(L) and B, we use the results of Ng (2006, 2013) .
At the second step, we estimate D(L) in (20) by OLS using the estimated F t from the previous step. We use standard information criteria to determine the order of D(L) (generally given by max(1, h − s); see Bai and Ng, 2007) .
Using these estimates, the quasi-innovations to the present value of income growth can be constructed in a straightforward manner using income growth forecasts computed recursively with (21).
Data
The empirical sample is dictated by data availability. We work with the fifty largest countries in the world in terms of their respective GDP (in U.S. dollars in the year 2005)
for which complete annual data on consumption and income, as well as measures of de jure and de facto financial openness (as described below) could be assembled. 
Empirical results
We proceed in two stages. First, we estimate the income process given by (21) and construct the quasi-innovations to the present value of income growth; then we use the latter to 19 Specifically, from the former dataset we take the KAOPEN financial openness indicator, while from the latter we use the ratio of total foreign assets and liabilities to GDP. 20 We take their category 1 as 'fixed', 2-3 as 'intermediate', and 4 as 'floating'. estimate the risk-sharing model (15).
Estimation of the income process
As already explained, we estimate three different specifications of (18).D The first one imposes A(L) = 0 and β(L) = 0 (which in turn implies that B = 0 in (21)), so that each country's per capita GDP growth rate is an iid process. The second specification allows A(L) = 0 but still imposes β(L) = 0, so that each country's GDP growth is described by an AR process; experiments with both first-and second-order processes proved the former to be sufficient. 21 The third specification is a factor-augmented AR model with A(L) = 0 and β(L) = 0. All three specifications allow for unrestricted cross-country heteroskedasticity and parameter heterogeneity. (1) Next we turn to the factor-augmented AR(1) model. Most of the information criteria of Bai and Ng (2002) and Choi (2013) suggest one single static factor. This in turn implies that only the contemporaneous value of the factor enters the growth equation (18). The common factor itself exhibits little persistence; we use a first-order autoregressive process to characterize its dynamics, but the empirical results are virtually unchanged if we instead assume the common factor to be serially uncorrelated. 22 The third column of Table 1 summarizes the parameter estimates of the factor-augmented model. The average value of the country-specific autoregressive parameters increases slightly, to 0.27. As before, all the individual estimates are smaller than one in absolute value;
all but four are positive, and thirty-three of them are significantly different from zero at the 10 percent level.
We scale the global factor so that it has unit variance, and choose its sign so that the loading of the largest country (the U.S.) is positive. Across countries, the estimated loadings average 0.08. The vast majority (all but four) are positive, and thirty five out of fifty are significantly different from zero at the 10 percent level. A Wald test shown
in Table 1 confirms that the factor loadings are jointly highly significant. The global factor contributes a major fraction of the overall variance of growth -over one-fourth on average. 23 The contribution is especially large among advanced countries: the 12 countries where it exceeds 50 percent comprise the U.S., Canada, and 10 European Union members.
Finally, inclusion of the global factor raises substantially the explanatory power of the growth equation: across countries, the median adjusted R-squared rises to 0.56.
As a further check on model selection, the bottom half of Table 1 reports the out-ofsample forecast performance of the three growth specifications. For this exercise, we re-estimated them setting aside the last 5 annual observations, which were then used for forecasting. According to the RMSEs in the table, the factor-augmented specification exhibits the best performance at all but the 5-year horizon, while the iid specification shows the worst.
Using the parameter estimates summarized in Table 1 , the quasi-innovations to the 22 The reason is that the autoregressive parameter is very small and falls short of statistical significance. However, the first-order lag improves marginally the forecasting performance of the factor model over its serially uncorrelated version, so we opt for keeping it in the model. 23 The value refers to the share of the long-run variance attributable to the global factor, calculated as Var(β i (L)f t )/Var(1 − LA i (L)∆y i,t−1 ). present discounted value of income growth can be readily constructed employing (21) recursively. We construct three sets of innovations, corresponding to the three model specifications in Table 1 . The three sets of innovations are not very different from each other: their pairwise correlations exceed 0.90. In particular, the correlation between the innovations obtained from the AR(1) specification and those obtained from its factoraugmented version equals 0.99, which indicates that the two sets of innovations are virtually identical. Still, as the results shown in the table give a slight advantage to the factor-augmented model, it is the primary focus of the analysis below. However, the estimates of the risk-sharing model show very little change if the AR(1) income growth specification is used instead. Table 2 summarizes the estimates of the risk-sharing coefficients obtained using the three sets of quasi-innovations constructed in the previous step. In addition, for the purpose of comparison the table also reports the estimates obtained using the specification employed by Ho and Ho (2015), namely an iid income process and a sharing rule that has all countries sharing equally the income from the pool.
Estimation of the risk-sharing model
The different sets of estimates share some common features. First, although the estimation imposes no restrictions whatsoever on the parameters, the vast majority do lie between zero and one, as predicted by theory. In particular, when using our preferred specification of the income process (the factor-augmented AR(1) in column 4), all the country-specific parameters except one fall in the admissible zone. The remaining one is negative but not significantly so, according to a one-sided t-test. Likewise, the estimates based on the AR(1) model (column 3) yield two negative parameters, 24 but again standard tests show that they are not significantly smaller than zero, neither individually nor jointly. 25 In contrast, the least-preferred iid specification of the income growth process (columns 1 and 2) yields a larger number of negative parameters, under both sharing rules considered: seven in column 1 (of which two significantly negative at the 10 percent level) and five in column 2 (of which one significantly negative). More broadly, assuming iid income growth leads to understated risk-sharing parameter estimates, as shown by the fact that the mean estimates in columns 1 and 2 are just about half their counterparts in columns 3 and 4.
The other common feature is the heterogeneity of the individual-country risk-sharing parameter estimates, and in particular the fact that, for all four specifications in Table 2 , the estimates are higher on average for advanced countries than for developing countries. The Wald tests at the bottom of the table confirm that these differences across estimates, as well as between the two group means, are statistically highly significant. Additional tests show that even within these two groups the individual-country coefficients display significant variation: Wald tests of equality of the risk-sharing coefficients of all the countries in each income group overwhelmingly reject the null, both for developing countries and for industrial countries. (Table A .1 in the appendix reports their actual values). It can be seen that the AR(1) income growth process and its factor-augmented version yield very similar estimates for almost all countries -indeed, the correlation between both sets of estimates is 0.96. In contrast, the estimates based on the iid process are fairly different from the rest -for example, their correlation with those obtained with the factor-augmented income process is just 0.71. If the iid process is combined with the sharing rule of Ho and 25 Still, given the fact that in our empirical model the risk-sharing coefficients of all countries are linked through cross-equation restrictions, one may wonder how the estimates would change if all parameters were explicitly constrained to lie within the unit interval. To investigate this issue, we re-estimated the two specifications in columns 3 and 4 of Table 2 constraining all parameters to fall within the theoreticallyadmissible region. The estimates that result are virtually indistinguishable from those shown in Table 2 . In fact, the correlation between the restricted and unrestricted estimates is around 0.98 under both the AR(1) and the common-factor growth prediction models. Thus, to save space we do not report the restricted estimates.
Ho (2015), the correlation is roughly the same (0.75). 26 With our preferred specification, shown in column 4 of Table 2 , the country-specific risk-sharing coefficients are centered around 0.50. It is worth noting that this is close to the restricted estimate (0.53) obtained when imposing equality of the risk-sharing coefficients across all countries, as in the baseline specification used by Crucini (1999) . Figure 2 shows histogram plots of the distributions of risk-sharing coefficients of the two sets of countries we consider. The advanced-country distribution lies to the right of its developing-country counterpart. The mean for industrial countries is just under 0.60, while for developing countries it equals 0.43. As with the overall mean, these group average estimates are not too different from those obtained by Crucini (1999) using the homogeneous model of partial risk sharing. He reports an average partial risk-sharing coefficient between 0.37 and 0.60 for the group of G7 countries over the period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] (his estimates also vary depending on the assumed income process). In turn, Asdrubali and Kim (2008) sharing, also conclude that advanced countries exhibit higher degrees of risk sharing than developing countries.
As a robustness check, we reestimated out preferred specification using alternative time periods to compute the initial shares Ω underlying the income-sharing rule, to assess if the choice has any material effect on the risk-sharing parameter estimates. We experimented with the value of income in 1970, prior to the start of the estimation sample (1972); the average income over 1970-74 (combining pre-sample and in-sample information); and the average income over the full estimation sample. As shown in Table ? ?, the estimates that result in each case are virtually indistinguishable -their correlation with the baseline estimates in column 4 of Table 2 equals or exceeds 0.99. We conclude that the choice of initial period is immaterial for our results.
Patterns of consumption risk sharing over time
Since the mid-1980s, the world has seen a large increase in the degree of financial integration, facilitated by the removal of barriers to international capital movements, and reflected in a steady rise in cross-border asset and liability positions (Lane and Milesi-Ferretti, 2007) .
This observation leads to a natural question, namely: has the rise in global integration been associated with a corresponding rise in consumption risk sharing across countries? Put differently, are countries doing a better job at sharing their idiosyncratic income shocks?
To address this question, we use our model of partial risk sharing to examine the evolution of consumption risk sharing over time.
For this purpose, we calculate time-varying estimates of the parameters of the consumption risk-sharing model over rolling time samples. Specifically, we use moving windows of 20 years each. Importantly, prior to estimation of the risk-sharing model we also recalculate the innovations to the present value of income growth in the same way, by estimating the income process over matching rolling samples of 20 years of data each; this ensures that both construction of the innovations and estimation of the risk-sharing coefficients use data from the same time period. 27 The results from this exercise, based on the factor-augmented specification of the income growth process, are summarized in Figure 3 . The figure plots the mean of the risk-sharing parameter estimates obtained in each estimation window, along with their two standard-error bands. The top panel reports the overall mean, while the lower panels report the means for industrial and developing countries.
The overall mean for all countries displays a rising trend, especially marked in the windows beginning around the early 1980s. From that point on, the average coefficient of risk sharing rises without interruption until the global crisis enters the estimation window.
Thereafter, the average estimate shows a relatively modest decline in the last two estimation windows. Still, the mean estimates obtained in the last windows lie outside the 95-percent confidence region of the initial window, suggesting that over the entire sample period there has been a statistically significant increase in the average degree of consumption risk sharing. This is confirmed by a quick glance at the individual-country risk-sharing parameter estimates: a majority of countries (33 out of 50) exhibit higher coefficients in the final estimation window than in the initial one, and for 19 of them the increase is significant, in the sense that the final estimate lies outside the 95 percent confidence interval of the initial one.
The bottom panels of Figure 3 plot the time path of the average risk-sharing coefficients for industrial and developing countries, along with their respective two standard-error bands. There is a clear contrast between the mean estimates of the two country groups. The mean for industrial countries displays a rising trend over time, especially steep across the estimation windows that begin in the mid-1980s. The rise eventually tapers off over the last estimation windows. In contrast, there has been no discernible trend among developing countries. The figure suggests, if anything, a slight initial decline in their mean risk sharing, followed by a recovery. In fact, for the developing country mean the 95-percent confidence region of the final window is contained almost in full in that of the initial one, which suggests that no significant change has taken place. For advanced countries, however, the 95-percent confidence region corresponding to the final window lies fully outside that obtained in the initial window, pointing to a significant rise in mean risk sharing among industrial countries. Thus, this rising trend of average risk sharing among rich countries is the force behind the trend increase in overall mean risk sharing found in the top panel of the figure. This conclusion is confirmed by the individual country estimates: 22 of the 33 countries whose risk-sharing coefficients are higher in the final estimation window than in the initial one belong to the industrial country group, while 16 of the 17 countries whose coefficients are lower belong to the developing country group.
As already noted, the estimates in Figure 3 are based on our preferred specification of the income growth process -the factor-augmented AR(1) model. However, using instead the AR(1) specification without common factors yields very similar qualitative results -i.e., advanced-country estimates display a rising trend over time (although somewhat less marked than with the factor-augmented model) while developing-country estimates remain flat. In contrast, however, the upward trend of the rich-country estimates disappears if the rolling estimation is based on the iid specification of the income growth processregardless of whether the sharing rule is the one employed in this paper or that of Ho and Ho (2015) . Recall that, as shown in Table 1 , the empirical performance of the iid specification is inferior to those of the other alternatives considered, both in the estimation sample as well as in out-of-sample forecasting. However, it is the specification employed by Ho and Ho (2015) , who find little change in risk-sharing estimates over time. Hence, the results in this section suggest that such conclusion is not robust to the use of improved growth forecasting models.
Covariates of consumption risk sharing
The empirical results reported earlier unambiguously showed that the coefficients of partial risk sharing display significant heterogeneity across countries. While the country-level risk-sharing arrangement that underlies our model is admittedly an abstraction, we can interpret the variation in the estimated coefficients of partial risk sharing as reflecting crosscountry variation in policies or institutions that help or hinder consumption risk-sharing.
The natural next step is to investigate if the cross-country pattern of coefficients of partial risk sharing is related to measures of financial and trade openness commonly viewed as reflecting the mechanisms through which risk sharing may be actually implemented. This approach has been used in previous empirical literature, which has examined the relation between summary measures of the extent and form of international financial integration, and conventional reduced-form estimates of risk-sharing coefficients. 28 Formally, to explore the covariates of consumption risk sharing we re-estimate the model as specified in (17), that is, with the vector of country-specific risk-sharing coefficients given by λ = m(Xδ), where X is a matrix of time-invariant risk-sharing determinants, and δ now is the vector of parameters to be estimated. 29 Table 3 reports the estimates of δ obtained using different choices of the X variables.
All specifications include also a constant, not reported in the table. The results shown correspond to estimates obtained with quasi-innovations constructed using the factoraugmented specification of income growth (that is, the model in the last column of Table   1 ); results using instead AR(1)-based forecasts are very similar but are not reported to save space. For each estimate of δ we can compute the implied risk-sharing coefficients of the different countries asλ = m(Xδ); these are summarized in the bottom half of the table.
The first column of Table 3 relates the degree of risk sharing to log per capita GDP. The estimate is positive and significant, in line with our earlier finding that the risk-sharing parameter estimates are larger for richer countries. The individual risk-sharing coefficients implied by this simple specification are centered around 0.55. However, their correlation with the unrestricted estimates (shown in the first column of Table A .1) is just 0.26.
Column 2 turns to the Chinn-Ito measure of financial openness. The parameter estimate is positive and significant, implying that higher degrees of openness come along with higher consumption risk sharing. The implied country-specific risk-sharing coefficients are broadly similar to those in the previous column, and their correlation with the unrestricted estimates is similarly modest. In turn, column 3 considers a standard measure of de 28 See, for example, Sørensen et al. (2007) , Kose, Prasad and Terrones (2009 ), Fratzscher and Imbs (2009 ), and Holinski, Kool and Muysken (2012 . 29 The variables in X are measured as time averages. The functional form we use is λ = exp(Xδ), which offers the advantage of preventing negative values ofλ. facto financial integration, namely the sum of foreign assets and liabilities relative to GDP.
Its role in conventional regressions of consumption risk sharing has been explored, for example, by Kose, Prasad and Terrones (2009) . The estimated coefficient is positive and highly significant. Further, the correlation of the implied risk-sharing coefficients with their unrestricted counterparts rises to just under .30, although there is no discernible difference between the advanced-and emerging-country average estimates, in contrast with the preceding results. Column 4 turns to real openness, as captured by total trade over GDP. The parameter estimate is positive but insignificant. The implied risk-sharing coefficients are, on average, higher for developing countries than for industrial countries, and their correlation with the unrestricted estimates in Table 2 is less than 0.2.
Column 5 explores the role of country size. Other things equal, large countries should be expected to exhibit lower degrees of risk sharing than small ones, as their income shocks have a bigger effect on the overall income pool than do shocks to the income of smaller economies -i.e., they are, to a larger extent, common shocks -and thus they derive a smaller benefit from contributing to the income pool. To verify this conjecture, Column 2 of Table 3 relates each country's degree of risk sharing to its (log) total population. The parameter estimate is negative and highly significant. Further, the correlation of the implied risk-sharing coefficients with the unrestricted estimates rises to 0.34.
The relative merits of alternative exchange rate regimes along various dimensionsespecially macroeconomic stability -have been extensively debated. Column 6 examines the relation between the degree of risk sharing and the exchange rate regime as captured by a three-way aggregation of the Ilzetzki, Reinhart and Rogoff (2017) classification. Both fixed and intermediate regimes carry negative coefficients (the floating regime is the omitted category), but they are significant neither individually nor jointly.
Column 7 reports estimation results considering simultaneously all these variables. 30 Per capita GDP and de jure financial openness become insignificant. Further, the coefficient on the former variable is very small and negative, indicating that once the remaining variables are taken into account the level of income ceases to have an independent effect on the degree of risk sharing. In turn, the loss of significance of de jure financial openness is largely due to its correlation with the facto financial integration, which carries a positive coefficient bordering on statistical significance. As for trade openness, it now carries a negative and significant coefficient. Thus, once financial openness is taken into account, increased trade openness reduces the estimated coefficient of risk sharing. One possible explanation for this result is that, by amplifying the impact of global terms of trade shocks, increased trade openness raises the correlation between domestic income and global output, reducing the benefits from participating in the risk-sharing agreement (see e.g., Loayza
and Raddatz, 2007) . Likewise, both fixed and intermediate exchange regimes appear to exert a negative effect on risk sharing relative to the effect of floating regimes, likely due to the superior ability of the latter to mitigate the impact of shocks on aggregate income and thereby consumption. It is worth noting also that the risk-sharing coefficients implied by the specification in column 7 exhibit a fairly high correlation (0.44) with the unrestricted estimates in column 4 of Table 2 . The range of the implied individual estimates also widens considerably relative to that found in the preceding columns of Table 3 . 
Concluding remarks
A considerable literature is concerned with assessing the extent to which countries share their consumption risk. Much of it, however, uses empirical models designed to test the null hypothesis of perfect consumption risk sharing. Once such hypothesis is rejected -as is almost invariably the case in practice -those models do not offer a rigorous basis for inferences about the degree of imperfect risk sharing present in the data. Drawing such inferences requires an empirical model of partial risk sharing. Furthermore, unless one is willing to assume that the extent of consumption risk diversification is the same across all countries in the world, the model needs to allow for cross-country heterogeneity in the degree of risk sharing. This paper extends the existing literature by developing an empirical model that fits those two requirements. In the model, countries contribute possibly different fractions of their income to a common pool, in exchange for a claim on the aggregate income contributed to the pool by all countries. The fraction of income contributed to the global pool by each country can be naturally interpreted as its respective degree of risk sharing. Solution of the model yields a system of equations in which each country's consumption path depends on the innovations to the present discounted value of income growth of all countries. Moreover, the system features nonlinear parameter restrictions across equations.
The model is implemented empirically using panel data for industrial and developing economies. Estimation results show that consumption risk sharing varies significantly across countries. On the whole, rich countries exhibit higher degrees of risk sharing than developing countries, and the gap between both country groups has widened over the period of financial globalization. Moreover, the pattern of consumption risk sharing across countries is significantly related to their degree of real and financial integration into the global economy, the flexibility of their exchange rate, and their size. Countries possessing larger stocks of international assets and/or liabilities, and more flexible exchange rate regimes, exhibit larger degrees of risk sharing. In contrast, the size of the economy and its degree of trade openness seem to hinder consumption risk sharing.
Figure 1: Estimates of risk-sharing coefficients
The top left panel of the figure displays a scatter plot with the estimated coefficients of risk sharing λ obtained assuming iid income growth (vertical axis) and those obtained using an unobserved factor model of income growth (horizontal axis). The top right panel displays a similar scatter plot but assuming that income growth follows independent AR(1) processes for each country (vertical axis) and using the factor model (horizontal axis). The bottom right panel plots the estimated coefficients of risk sharing obtained assuming that income growth is iid and using the Ho and Ho (2015) sharing rule (vertical axis) and those obtained using the unobserved factor model (horizontal axis). The figure displays histograms of the estimated coefficients of partial risk sharingλ i for the groups of advanced and developing countries, using the unobserved factor model to forecast future income growth. Table 1 : Estimates of the income prediction model The table reports the estimates and the forecasting performance of different models of the income process: IID assumes that each country's per-capita GDP growth is an iid process; AR(1) imposes a first-order autoregressive process for per-capita GDP growth independent across countries; and FAPAR(1) refers to a factor augmented model in which each country's per-capita GDP growth depends on its own lagged value and an unobserved global factor. Robust t-statistics appear in parentheses. The Wald test statistics are distributed as chisquare with 50 degrees of freedom.
IID
AR (1) Table 2 : NLS estimates of the country-specific risk-sharing coefficients Robust t-statistics in parentheses, using spatial-correlation consistent standard errors of Driscoll and Kraay (1998) . The Wald test statistics at the bottom of the table are distributed as chi-square with 50 degrees of freedom. Column (2) refers to the IID income case using the Ho and Ho (2015) sharing rule.
(1)
(2) (3) (4) Income forecasting models IID IID-2 AR(1) FAPAR(1)
Summary statistics of risk-sharing coefficient estimates
Risk-sharing coefficients between 0 and 1 43 45 48 49 of which significantly positive 29 30 43 40 Risk-sharing coefficients greater than 1 0 0 0 0 of which significantly greater than 1 0 0 0 0 Risk-sharing coefficients smaller than 0 7 5 2 1 of which significantly smaller than 0 Wald test of difference in means (p-value) 0.00 0.00 0.00 0.00 Wald test of joint significance of all risk-sharing coefficients 0.00 0.00 0.00 0.00 Table 3 : NLS estimates of the covariates of risk sharing
Robust t-statistics in parentheses, using the spatial-correlation consistent standard errors of Driscoll and Kraay (1998) . All specifications include also a constant not reported here. The last row in the table reports the correlation coefficient between the individual-country risk-sharing coefficients predicted by the regression in each column and the unrestricted estimates of the coefficients of partial risk sharing.
(3) Wald test of joint significance 0.309 0.000 0.000 Table A .1: List of countries and estimated coefficients of partial risk sharing The table lists the group of countries used in the analysis and the country-specific estimates of the coefficients of partial risk sharing λ i for different models of the income process: IID assumes that each country's per-capita GDP growth is an iid process; AR(1) imposes a first order autoregressive process for per-capita GDP growth independent across countries; and FAPAR(1) refers to a factor augmented model in which each country's per-capita GDP growth depends on its own lagged value and a global factor. IID-2 refers to IID income growth using Ho and Ho (2015) sharing rule.
Implied risk-sharing coefficients

Advanced countries
Developing countries FAPAR(1) AR(1) IID IID-2 FAPAR(1) AR (1 Table A .2: Estimates of the country-specific risk-sharing coefficients with alternative periods for initial share calculation The table uses the FAPAR(1) process for GDP growth. Tests of significance are based on spatial-correlation consistent standard errors of Driscoll and Kraay (1998) . Column "Baseline" is the baseline specification (shown in column 4 of Table 2 ) using 2 years of presample data to compute initial shares. Columns "1-year" and "5-years" respectively use 1 year of presample data and 5 years of in-sample data to compute initial shares. Column "Full sample" uses the entire sample to compute initial shares.
(1) (2) (3) (4) Baseline 1-year 5-years Full sample
Summary statistics
Number Correlation with baseline estimates -1.00 1.00 0.99
